Abstract. Pancreatic carcinoma is an aggressive tumor that is resistant to treatment regimens. Although the X-linked inhibitor of apoptosis protein (XIAP) overexpression in pancreatic carcinoma cells has been previously reported, the aim of this study was to investigate the association of XIAP expression with pancreatic carcinoma outcome. Specimens were obtained from 54 patients who underwent resection for pancreatic cancer. Kaplan-Meier survival analysis was used to estimate post-operative survival. The results of this analysis revealed a significantly shorter overall survival time in patients with a high compared to those with a low XIAP expression (P=0.041). Results of the multivariate analysis revealed that XIAP expression was identified as an independent predictor for pancreatic carcinoma outcome [relative risk, 1.771; 95% confidence interval (CI), 1.099-2.852; P=0.019]. Moreover, XIAP levels were associated with pancreatic carcinoma characteristics, including tumor invasion status and histological grade. XIAP overexpression shortens the survival of pancreatic cancer patients probably by modifying their resistance to apoptosis and the proliferation capacity of pancreatic carcinoma cells. Thus, XIAP expression analysis can help in the identification of patient subgroups at high risk of a poor disease outcome.
Introduction
Pancreatic carcinoma is one of the most aggressive tumors and continues to constitute a major health problem. The overall 5-year survival rate of pancreatic cancer patients remains poor (<5%) despite treatment improvement (1, 2) . The resistance of pancreatic carcinoma to aggressive treatment regimens represents a major challenge, whereas pancreatic carcinoma cell resistance to apoptosis contributes to treatment failure (3, 4) .
Apoptosis is initiated by caspase activation in mitochondria (5) . Resistance to apoptosis has been associated with the overexpression of extrinsic and intrinsic apoptosis signaling cascades (6) . The X-linked inhibitor of apoptosis protein (XIAP) belongs to the inhibitor of apoptosis proteins (IAPs) family, a group of structurally related proteins inducing caspase inhibition that block apoptosis at the core of the apoptotic machinery by inhibiting caspase-3, -7 and -9 activation, thereby modulating resistance to apoptosis in pancreatic carcinoma (7) .
Although not expressed in normal pancreatic ductal cells, XIAP overexpression is known to occur in pancreatic carcinoma cells, as noted in previous studies (7) . The aim of this study was to investigate the association of resistance to apoptosis with disease survival by assessing the predictive power of XIAP expression on pancreatic carcinoma outcome.
Materials and methods
Tissue collection. In total, 54 patients (34 men and 20 women; age, 34-79 years) who underwent macroscopically curative resection for pancreatic carcinoma between 2003 and 2009 in The Fourth Hospital of Hebei Medical University (Shijiazhuang, China) were included in this study. Clinical data were collected for the patients, and histopathological and tumor-node-metastasis (TNM) classifications were defined in accordance with the International Union Against Cancer (UICC) Classification of 2002 (8) . Vascular invasion or lymph node metastases and differentiated grade were also determined using hematoxylin and eosin (H&E) staining. The specimens were fixed immediately in 10% formalin for immunostaining. The procedures were supervised and approved by the Human Tissue Research Committee of the hospital. Informed consent was obtained from the patients.
Measurement of XIAP level in pancreatic cancer tissue.
The specimens were fixed in 10% formalin and embedded in paraffin. Five serial 4-µm sections were cut from the tissue blocks. The deparaffinized sections were stained with the anti-XIAP antibody (BD Biosciences, Franklin Lakes, NJ, USA) at a dilution of 1:100 overnight at 4˚C followed by incubation with a biotinylated secondary anti-mouse IgG antibody for 1 h at room temperature. The sections were subsequently incubated with horseradish peroxidase (HRP)-conjugated streptavidin and were developed using 3,3'-diaminobenzidine XIAP expression is associated with pancreatic carcinoma outcome SHENGMIAN (DAB). XIAP staining was performed using the methods previously described. Grading was performed by two pathologists with no background on the clinical data of patients (9) . XIAP staining was scored as: 0, 0-25%; 1, ≥25-50%; 2, ≥50-75% and 3, ≥75%.
Statistical analysis. Statistical analysis was performed using the χ 2 test to determine the XIAP expression frequency between normal and pancreatic cancer tissues. Spearman's correlation analysis was used to assess the correlation between XIAP expression and patient clinical data. Post-operative survival was estimated using the Kaplan-Meier method and differences between survival curves were compared using the log-rank test. Multivariate survival analysis was performed using the Cox proportional hazards model. Statistical analyses were performed using the SPSS 13.0 software (SPSS, Inc, Chicago, IL, USA). P<0.05 was considered to indicate a statistically significant difference. . Two patients were lost during the follow-up period and the remaining 52 patients were included in the subsequent analysis. Forty-five patients had succumbed to the disease by the end of the follow-up period. The median follow-up time for the 52 patients was 14.39±13.37 months. Adjuvant chemo-or radiation therapy was not administered following carcinoma resection. Data collected during the follow-up were analyzed for clinical characteristics as described in Materials and methods. No statistically significant difference was observed for gender or age, while borderline statistically significant difference was observed for tumor size and histological grade (P=0.069 and 0.079, respectively). A significant difference was observed in the TNM classification and tumor invasion status, P<0.000, respectively (Table I) .
Results

XIAP staining assessment in normal and
XIAP expression levels were graded with a score of 0-3. Patients were divided into two subgroups for survival analysis, with a scored of 0 and 1 for the low-expression group and a score of 2 and 3 for the high-expression group. The cumulative survival rate was plotted as a Kaplan-Meier curve (Fig. 2) , and the log-rank test demonstrated a statistically significant difference (P=0.027) between the low-and high-expression groups, demonstrating the usefulness of XIAP levels in pancreatic cancer prognosis.
Effect of XIAP expression on the predictive power of traditional clinical characteristics.
A multivariate analysis, including the predictors mentioned above, using the Cox proportional hazard method was used to evaluate the effect of XIAP expression on the predictive power of traditional clinical parameters. The analysis demonstrated that the XIAP level and TNM classification were independent risk factors for the post-operative survival rate of pancreatic cancer patients (Table II) . Of the predictors, XIAP expression status was strongly associated with the cancer survival rate, at a hazard ratio of 1.771 (95% CI, 1.099-2.852). Results of the univariate and multivariate analyses suggested that the XIAP level in pancreatic cancer tissues constitutes one of the most significant predictors of the post-operative survival rate of pancreatic cancer patients.
Correlation of clinical characteristics and XIAP levels.
The correlation of clinical characteristics and XIAP levels was investigated in pancreatic cancer patients using the Spearman's correlation analysis (Table III) . Gender, age, tumor size and TNM classification were not correlated with XIAP levels, while tumor invasion status and histological grade were significantly correlated with XIAP expression. The data suggest that XIAP is able to modify tumor development in combination with other predictors.
Discussion
In the present study, we used immunohistochemical methods with a monoclonal antibody against XIAP with paraffinembedded pancreatic tissue sections for the assessment of this apoptosis inhibitor in pancreatic cancer patients. Consistent with the findings of previous studies, different expression frequencies were found in normal and pancreatic cancer tissues (7) . XIAP expression was also found to be associated with the outcome of pancreatic cancer patients. Similar results have also been demonstrated in other types of cancer where XIAP overexpression was correlated with worse prognosis (10) (11) (12) . XIAP levels constituted a risk factor for pancreatic carcinogenesis and a good marker for predicting the outcome of post-operative pancreatic cancer patients. IAP is a family of endogenous caspase inhibitors that share a common baculoviral IAP repeat (BIR) domain. XIAP, X-linked inhibitor of apoptosis protein; TNM, tumornode-metastasis; well, well-differentiated; moderately, moderatelydifferentiated; poorly, poorly-differentiated.
XIAP carrying three functional domains including BIR, linker and Ring-finger domains, potentially constitutes the best-characterized IAP proteins with respect to its structure and biochemical mechanisms. XIAP exhibits its effect on resistance to apoptosis by inhibiting caspases-3, -7 and -9, but not caspases-1, -6, -8 and -10 (7, 13, 14) . XIAP is a potential target for pancreatic carcinoma treatment due to the fact that XIAP blocks apoptosis at the core of the apoptotic machinery. XIAP inhibitors increase apoptosis sensitivity in pancreatic carcinoma cells (7), while XIAP knockdown inhibits pancreatic cancer cell proliferation in vitro and in vivo (15) . XIAP overexpression shortens the survival time of pancreatic cancer patients probably by modifying the resistance to apoptosis and the proliferation capacity of pancreatic carcinoma cells. The clinical significance of XIAP expression was investigated in this study. The expression of XIAP in pancreatic cancer was not significantly correlated with gender, age, tumor size or TNM classification. However, increased XIAP expression was detected in less differentiated pancreatic carcinoma tissues, confirming the data provided by Jian et al (16) . Furthermore, the prevalence of XIAP expression in cases with a tumor invasion status suggested a correlation of XIAP expression with a more aggressive phenotype of pancreatic cancer.
The balance of anti-to pro-apoptotic regulators has been shown to control the relative sensitivity or resistance of various cells to apoptotic stimuli. Smac/DIABLO inhibits XIAP and enhances apoptosis sensitivity by binding with the BIR structure of human IAP family genes. An inverse correlation between XIAP expression and Smac/DIABLO mitochondrial release has been observed following apoptosis induction in colon cancer cells, lymphoma cells and keratinocytes (17) (18) (19) . The delicate balance between XIAP and Smac/DIABLO expression was gradually disturbed in certain types of cancer, resulting in a relative increase of the anti-apoptotic XIAP levels exceeding the pro-apoptotic Smac/DIABLO levels, a fact which may be responsible for the carcinogenesis and marked resistance to apoptosis of these types of cancer (10, 20) . In this study, XIAP expression was also found to have a significant inverse correlation with Smac expression in pancreatic cancer tissue (P=0.002), however, Smac expression was not associated with pancreatic carcinoma outcome (data not shown).
In conclusion, to the best of our knowledge, the correlation of XIAP expression with prognosis was analyzed for the first time in patients with pancreatic cancer. Data in this study obtained by univariate and multivariate analysis showed that patients in the high XIAP expression subgroups exhibited a significantly shorter overall survival. Additional studies are required to determine the key factors involved in the process of XIAP-related resistance to apoptosis.
